I -INTRODUCTION
Since t h e f i r s t FIM study of adatom c l u s t e r s by B a s s e t t and P a r s l e y / l / , a number of d i r e c t observations of t h e c l u s t e r i n g and d i s s o c i a t i o n of adatoms have almost a l l been done by using FIM. Although, i n e a r l y days of FEM, i n d i v i d u a l molecular images of c e r t a i n organic molecules and even atomic images such a s Ba and C s were observed by s e v e r a l researche r s , t h e q u e s t i o n about t h e v i s i b i l i t y of atomic o b j e c t s was t h e subj e c t of controversy/Z/. L a t e r , i n 1978, Brodie/3/ revived t h i s problem
Article published online by EDP Sciences and available at http://dx.doi.org/10. 1051/jphyscol:1987688 showing some examples which i n d i c a t e t h e evidence f o r atomic resolut i o n i n t h e f i e l d emission images. However, i n those works, no informat i o n about t h e adatom-adatom i n t e r a c t i o n i n connection with s u b s t r a t e s t r u c t u r e s has ever been obtained. W e r e p o r t here f o r t h e f i r s t time F E M observations a b o u t ' t h e formation of l i n e a r adatom c l u s t e r s and a l s o demonstrate conclusively t h a t individual adatom images a r e visib_le i n t h e FEM. I n t h i s work, two cases: Cu/Nb o r Ta (110) and T i / Re(1010) a r e presented.
I1 -EXPERIMENTAL
The experiments were c a r r i e d o u t using a conventional a l l g l a s s FEU. Niobium, tantalum and rhenium t i p s were mounted on a supporting loop of 0.15 mm diameter tungsten wire. The temperature of t h e t i p s was moni t o r e d with a W-5%Re/W-26%Re thermocouple spot-welded t o t h e loop and controlled using an e l e c t r o n i c s e r v o -c i r c u i t with an accuracy of +lac.
Metal sources were a c o i l of 0.1 mm diameter metal wire c l o s e l y wound on a 0.3 mm diameter tungsten wire. Adsorbate coverages ( 8 ) were e s t imated from average work f u n c t i o n changes a f t e r thermal e q u i l i b r a t i o n of an i n i t i a l l o c a l i z e d deposit assuming t h a t t h e coverage a t t h e work function maximum (Cu/Nb o r Ta) o r t h e minimum (Ti/Re) is a monolayer. To check possible e l e c t r i c f i e l d e f f e c t on t h e c l u s t e r i n g and dissociat i o n of metal adatoms, a pulsed high voltage source with 1000 c/sec and pulse width of 1 p s e c was used i n a d d i t i o n t o a usual dc power supply. was evaporated from one s i d e of a clean niobium t i p a t room temperature ( Fig.1 a and b ) . The l o c a l i z e d d e p o s i t of copper spread over t h e remaining clean s u r f a c e a t measurable r a t e s by heating t h e t i p above 50°C (Fig. l c ) , and a uniform p a t t e r n was obtained. By f u rt h e r heating a t 800°C, b r i g h t r i n g s appeared around t h e {110)planes, and then i s o l a t e d i s l a n d s were formed, which moved about and r o t a t e d v i o l e n t l y changing t h e i r o v e r a l l shapes within those planes ( Fig.1 d and e ) . Presumably Cu-adatoms on t h e (110) planes a r e p a r t l y removed and diffused away t o surrounding rougher planes. On continued heating a t 800"C, t h e i s l a n d s diminished i n s i z e and disappeared from t h e {110) planes. But, when t h e temperature decreased down t o 600°C a f t e r t h e formation of t h e b r i g h t r i n g s , t h e i s l a n d s formed on t h e (110) planes gradually s p l i t i n t o two, t h r e e o r more s t r i p s and f i n a l l y developed i n t o f i n e p a r a l l e l c l u s t e r s ( Fig.1 f - 
h ) .
Although t h e FEU never provide atomic information about t h e s u b s t r a t e s t r u c t u r e , very remarkable tendency of t h e c l u s t e r s t o o r i e n t along t h e [OOl] d i r e c t i o n suggests t h a t adatom-adatom i n t e r a c t i o n p o t e n t i a l is strongly a t t r a c t i v e a t t h e second n e a r e s t neighbour s i t e s . The i n t e r a ct i o n a t t h e n e a r e s t neighbour distance seems r a t h e r t o be repulsive because most c l u s t e r p a t t e r n s show well separated s t r i p e s . A possible s t r u c t u r e model of t h e l i n e a r Cu-clusters on t h e Nb(l1O) plane is shown i n Fig. 2 . Surprisingly, t h e FEU p a t t e r n s showing l i n e a r c l u s t e r e s a r e very simlar t o t h e FIM image of Ir c l u s t e r s on a W(110) plane except f o r t h e i r orientation/4/. I n t h e l a t t e r case, t h e c l u s t e r s run along the close-packed d i r e c t i o n of t h e s u b s t r a t e . Another adlayer s t r u c t u r e S t r u c t u r e model of l i n e a r c l u s t e r s of Cu on Nb(ll0).
on t h e W(110) plane has been observed f o r s i l i c o n by an FIM, where t h e maximum binding occured a t t h e t h i r d n e a r e s t neighbour s i t e s with t h e bond aligned i n t h e [ l l O ] d i r e c t i o n / 5 , 6 / . I t should be noted t h a t t h e s t r u c t u r e of Cu-adlayer proposed here has not been previously observed by t h e FIM. The l i n e a r c l u s t e r s of copper t h u s formed were very s t a b l e upto 700°C. The number of c l u s t e r s on t h e (110) plane was found t o depend on t h e conditions of heat-treatment, ranging from one t o s i x c l u st e r s (Fig. 3 ) . When t h e d e p o s i t of copper was l e s s t h a n a monolayer equivalent, no c l u s t e r formation was observed, which i n d i c a t e s t h a t t h e {110} planes a r e populated only a f t e r t h e surrounding rougher planes have f i l l e d with copper. Thus, it seems l k e l y t h a t t h e Cu-clusters observed here a r e produced by thermal equilibrium of adsorbed copper over t h e e n t i r e planes on a t i p cap. The behaviors of copper on tantalum were a l s o examined i n t h e same way with t h a t of niobium. General f e at u r e s of t h e Cu/Ta system were s i m i l a r t o t h o s e of niobium. 
I11 -2. A l i n e a r T i -c l u s t e r on a ~e ( 1 0 i 0 ) plane
The experiments of t h e Ti/Re system were performed with a t i p o r i e n t e d [ l l ?~] along t h e t i p a x i s (Fig. 4 a ) . Th_e i n c i d e n t d i r e c t i o n of t i t anium vapor was nearly p a r a l l e l t o a (1010) plane. Fig. 4b shows an F E M p a t t e r n a f t e r t i t a n i u m d e p o s i t i o n ( e q u i v a l e n t t o -0.28) with t h e t i p a t room temperature. One o f -t h e n o t i c e a b l e f e a t u r e s is some b r i g h t s p o t s on and around t h e (1010) plane. Such s p o t s a r e o f t e n seen i n many metal/metal s,ystems. However, when t i t a n i u m ( e q u i v a l e n t t o -0.28) was evaporated onto t h e t i p a t 90°C. and t h e n a high voltage was applied t o t h i s t i p keeping she temperature a t 90'C. a s h a r p l i n e a r c l u s t e r was formed on t h e (1010) plane (Fig. 4 c ) . The o r i e n t a t i o n of t h e c l u s t e r is always along t h e [OOlldirection, i . e . , a c r o s s closed packed atomic rows with troughs. P o s s i b l e s t r u c t u r e model of t i t a n i u m adatoms on a (1010) plane is shown i n Fig. 5. A t y p i c a l growth sequence of a l i n e a r c l u s t e r on t h e (1010) plane is shown i n Fig. 6 . There was nothing t o be seen on t h e (1010) plane imme- Fig. 4 . F E M p a t t e r n s from d e p o s i t i o n of T i on t o a c l e a n Re t i p . d i a t e l y a f t e r t h e f i e l d -o n (Fig. 6 a ) . A f t e r a while (-1 min), a b r i g h t s p o t (nucleus) emerged on t h a t plane and then grew s t r a i g h t a c r o s s t h e plane (Fig.6. b-e) . This time-lag shortened by t h e delayed field-on, which i n d i c a z e s t h a t impinging atoms with excess k i n e t i c energy migrate over t h e (1010) plane u n t i l t h e adatoms d i s s i p a t e t h e i r energy s u f f ic i e n t t o be trapped a t a p p r o p r i a t e s i t e s . The l i n e a r T i -c l u s t e r produced on t h e (1010) plane was s t a b l e up t o -150°C under t h e e l e c t r i c f i e l d , but breaked up i n t o s e v e r a l s p o t s with t h e f i e l d -o f f even a t -90'C (Fig.-7a) . Under t h e pulsed f i e l d (1000 c / s e c , l p s e c ) , only a clouded (1010.) plane was seen on an F E M p a t t e r n (Fig. 7b) . These pronounced f i e l d e f f e c t s upon t h e formation of t h e l i n e a r c l u s t e r strongl y suggest t h a t bonding f o r c e s between T i adatoms a c r o s s t h e atomic rows a r e mainly due t o induced dipole-dipole i n t e r a c t i o n s . On heating above --150'C under t h e f i e l d , t h e c l u s t e r on t h e (10i0) plane gradually shrank i n length and faded out. Sometimes, t h e c l u s t e r d i s s o c i a t e d i n t o s e v e r a l s p o t s between 150 and 160°C. By t h e i t e r a t i v e f i e l d -o f f , each s p o t moved back and f o r t h one-dimensionally along t h e [ 0 1 0 ] d i r e c t i o n (Fig. 8 ) . The number of t h e s p o t s remained always cons t a n t even a f t e r s e v e r a l coalescing and d i s s o c i a t i o n of them. A t higher temperatures (-18O0C), only a s i n g l e s p o t p e r s i s t e d on t h a t plane, which again moved one-dimensionally by t h e repeated f i e l d -o f f (Pig. 9.
a -e ) . The shape of t h e s p o t is nearly p e r f e c t c i r c l e , and i t s s i z e is magnified on both s i d e s of t h e plane without any deformation. Under t h e pulsed f i e l d , only a f a i n t h o r i z o n t a l l i n e , i n s t e a d of a s p o t , was seen on t h e (1010) plane (Fig. 9 f ) . It is apparent t h a t t h i s l i n e g i v e s a d i f f u s i o n p a t h of a s p o t . To one's s u r p r i s e , t h e motion of t h e s p o t -i s c h a r a c t e r i s t i c of one-dimensinal radom walks with two r e f l e c t i n g bounda r i e s a s shown i n Fig. 10 , which resembles c l o s e l y t o t h a t of s i n g l e metal adatoms on channeled planes of tungsten a s observed by FIM/7,8/.
Clearly, t h e s e r e s u l t s provide s t r o n g evidence t h a t t h e s p o t s observed 
